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yTTOP OP THE mVBWTIOH 

This invention relates to radiation curable 
polv(a-olefin) pressure-sensitive adhesive 
compositions. The invention relates particularly to 
radiation curable poly(a-olefin) pressure-sensitive 
adhesive compositions having improved resistance to 
oxidative degradation and superior cohesive strength 
particularly at elevated temperatures, without use of 
tackif iers, and to laminated structures made therefrom. 



5 A continuing need in the pressure-sensitive 

adhesive (PSA.) art is achievement of better control 
aver various mechanical and process propert ies so that 
adhesives can be "tailor-made- for specific, highly 
demanding end-use applications such as packaging, 
20 medical, and.masking tapes. These applications require 
I prop e ; balance of properties, and this balance 
changes with the particular end-use. 

Among the earliest polymers to provide a 
reasonable balance of the properties required for 
25 satisfactory PSA performance were the natural and 
synthetic rubbers. However, -these PSAs " 
properties, and the art quickly recognized the need to 
eliminate ethylenically-unsaturated groups from the 
polymer backbone of rubber adhesives in order to 
30 improve their oxidative stability. 

With the discovery of ZN catalysts, it became 
possible to polymerize «-olef in monomer^ to *igh 
molecular weight. The homopolymers of the Q-C,. « 
olefins were naturally tacky and therefore good 
35 candidates for PSAs since they also had low toxicity, 
3 Paging and arable environmental stabiU* £e., 
low oxidation) . These homopolymers were chemically 
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inert, resistant to plasticizer migration, and 
relatively inexpensive. However, they had poor 
cohesive strength and therefore lacked characteristics 
necessary for use at elevated temperatures. 
5 Radiation curing has been frequently used to 

chemically crosslink the polymeric component of 
adhesives in attempts to increase the cohesive strength 
of coated adhesive films. The results have been 
unsatisfactory because competing crosslinking and 
10 degradation (chain scission) reactions occur 
simultaneously. Therefore, in some PSA systems, 
especially those formulated from polymers containing 
propylene, radiation curing leads to a loss of cohesive 

strength and shear adhesion. 
15 Adhesives derived primarily from C, or larger a- 

olefins are well known in the. art. U.S. Patent Ho. 

3 542,717 describes poly(a-olef in) adhesive 

compositions comprising mixtures of 

copolymers derived from olefin monomers with different 
20 molecular weights (i.e. , olefins having 11-20 carbon 
atoms, and different ^olefins having 4-20 carbon 
atoB s . The resulting adhesive has high shear and peel 
adhesion at room temperature, but at bi^-t^i 
cohesive strength and shear adhesion are unacceptably 
25 low for most applications. 

TJ.s/ Patent Ho. 3,532,755 describes PSA 
polyoief ins suitable for use as single component PSAs 
for surgical tapes that are substantially non- 
allergenic. such adhesives can be made from 
30 homopolymers of the C, to C M c-olef ins or f rem ^ 

interpolymers of C to C w «-clef ins having -J^nsic 
^cosi^cf 1.5 to 7.0, a Williams' plasticity of 0.8 
Z I 0, and an acetone/heptane soluble faction of less 
Ln 25% by weight. Tapes made from these adhesives 
35 have low shear adhesions that facilitate non-irritating 
removal from the skin. However, this low shear 
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adhesion is unsuitable, for example, for masking or 
packaging tape applications. 

U.S. Patent Nos. 3,954,697 and 4,178,272 describe 
hot-melt adhesives useful for sealing polyethylene 
5 films derived from copolymers of: propylene and C^-C^ a- 
olefins. The '697 patent teaches that while C, or C, o- 
olef in copolymers are permanently tacky, they have poor 
cohesive strength and consequently lack shear adhesion. 
Therefore the higher et-olef ins must be copolymerUed 
if with propylene in order to meet -the critical property 
requirements for a pressure-sensitive adhesive 
material". One such a property, cohesive strength, is 
discussed in col. 1, lines 34-48. The copolymer must 
contain more than 40 mole % propylene, especially if 
static shear is to exceed 1000 minutes. The '272 
patent describes- compositions comprising a ZH catalyst 
system and discloses process conditions useful in 
preparing the -tacky" copolymers required 
{Jo disclosed are stereo-regulating three-component ZN 
catalyst systems that produce high molecular weight, 
crystalline block copolymers unsuitable for PSA 
applications (col. 2, lines 39-65, , 

be useful in sealing bags, cartons, and on an adhesive 

for floor tiles • 

•%<s approach ia further advanced in U.S. Potent 
" HO. 4,288,358 which describes hot-melt adhesive 
exposition, containing t-rpoly-*. «* 

taekifylng "sins, and plssticlsin, oils, in *«* 
30 rurth« effort, to sinulteneously optinia. tha adhesive 
and proceaa properties of these coapositions. 

'Zu.Zm reference, teach opened pr««~^ 
eonditione r or preoption or hot *■»* 
are readily coatrtl. or extructable at the 
3* tenperature, these materials have poor ^J^ 1 "^ 
in particular, they haw poor adhesion under J*"*-^ 10 
Z uTfut hi* t»per^ur. nae*in, «P~ us- in the 
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automotive industry must have good "shear adhesion- at 
elevated temperatures. Attempts to improve these 
propylene containing poly(e-olefin) adhesives of the 
references by radiation crosslinking have led to a 
5 degradation of PSA properties, such as shear adhesion. 

U.S. Patent Hos. 2,933,480 and 3,933,769 describe 
a process for copolymer izing mixtures of e-olefins and 
non-conjugated diolef ins to yield sulfur-vulcanizable 
unsaturated elastomers described as -rubber-like- or 

10 -rubbery- . 

U.S. Patent No. 4,990,585 discloses hexene-%- 
methyl-pentene-1 random copolymer and process for 
producing the same. The polymer is useful as rubber 
vibration insulators, modifiers for plastics and 
15 rubbers and as adhesives. ^„ t „ m *™. 

U.S. Patent Ho. 5,112,882 describes adhesive tapes 
prepared using radiation curable poly(e-olefin) 
pressure-sensitive adhesive compositions having 
superior cohesive strength and shear adhesion. The _ 
20 polyene- and optional tacKif ier-^ntaining compositions 
can have desirable peel adhesion, shear strength, and 
stability against oxidative degradation at low and 
moderate temperatures. 

25 esmsi-SLSSS-mmsi^ 

Briefly, the present invention provides a _ 
radiation-curable .-olefin copolymer composition that 

comprises^ ^ copolyJfter comprising the reaction 

30 product of 

1) 90.1 to 99.9 mole percent of one or more 
straight chain a-olef ins having 2 to 32 
carbon atoms of which at least 70% have 6 to 
10 carbon atoms, and 
a* 9 9 to 0.1 mole percent of one or more a- 

olefins having 6 to 20 carbon atoms including 
at least one methylidyne group (a one carbon- 
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containing group having a hydrogen atom on a 
tertiary carbon atom) present in a branched 
or cyclic group of carbon atoms; and 
b) optionally, sufficient photoactive crosslinking 
5 agent to crosslink the composition upon exposure 

to actinic radiation. 

After curing, the composition provides a pressure- 
sensitive adhesive preferably having peel adhesion of 
35 H/dm or more and cohesive stability at temperatures 
10 above 120-C. The adhesive can be of particular use in 
tapes required for high temperature masking and hot 
melt adhesive applications. 

Preferably, the oolymer of the present invention 
has a glass transition temperature (Tg) in the range of 
15 -70-C to 0-C, more preferably in the range of -60 to - 
20«C, and an inherent viscosity in the range of 0,4 to 
9.0 dl/g, more preferably 0.5 to 6.0 dl/g, and most 
preferably 1.5 to 4.0 dl/g. Number average *°^*^ U ^*^ 
weights of the polymers are in the range of 5,000 to 
20 50,000,000, preferably 50,000 to 5.000,000. 

The copolymers of the present invention do not 
contain residual ethylenic-unsaturation but do contain 
pendant side groups having readily reactive hydrogen 
atoms on tertiary carbon atoms that, on radiation, 
25 preferably in the presence of a photoactive 

crosslinking agent, leads to crosslinking of the 
copolymer and thereby improved cohesive strength of the 
adhesive. Because ethylenic-unsaturation is not 
present in the copolymers, cured adhesives 
,0 them have improved elevated temperature oxidative 

stability as well as excellent adhesion and 
chemical/electrical resistance, and they are 
physiologically inert. Shese properties make Jhem 
Client pressure-sensitive adhesives for a wide range 
35 of applications where it is desirable to haye 
independent control of peel and shear adhesion. 
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It is believed that the background art does not 
teach PSA compositions comprising one or more poly(o- 
olefin)s which can be copolymers, including 
terpolymers, or tetrapolymers, derived from o-olefin 

5 monomers containing 6 to 10 carbon atoms and no 

polyenes and optionally further comprising one or more 
photoactive crosslinking agents, the compositions 
having been radiation-cured to yield adhesive films 
having improved resistance to oxidative degradation as 

10 well as possessing substantial high temperature shear 
strength. 

The present invention provides an e-olefin 
copolymer-containing pressure sensitive adhesive 
composition that is radiation curable. The a-olefin 
15 copolymer-containing adhesive composition can be cured 
to yield a PSA adhesive film with an Improved balance 
of peel and shear adhesion. The peel and shear 
adhesion values are capable of being varied 
independently to achieve desired values, 
20 layers of the invention preferably have peel values 
oxeater than 35 N/dm and resistance to oxidative 
degradation at temperatures up to at least 200-0. 
Radiation curing can be achieved by ultraviolet or 
electron beam radiation. «here electron beam radiation 
25 is used for curing, no photoactive crosslinking agent 
is needed. 

The adhesive of the invention can be applied to 
appropriate substrate surfaces by a wide range of 
processes, i.e., solution coating, solution spraying, 
not-melt extrusion, emulsion coating, etc., 
adhesive tapes, adhesive transfer films, and the like. 
Since the polyolefin composition of the invention is 
free of unsaturate either in the backbone or in 
Pendent groups of the copolymer, the thermal stability 
35 of the compositions is superior to compositions 

containing polyolef ins -having —^^J^' 
gelation during hot melt extrusion of the copolymer 
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composition of the invention is minimal or does not 
occur. 

As used in this invention: 
"a-olef in copolymer" means a random polymer 
5 derived from two or more terminal monoethylenically- 
unsaturated monomers; 

"straight-chain a-olef in" means a linear 
hydrocarbon having no branching and only one terminal 
ethylenic-unsaturation group and no other functional 
10 groups; 

«a-olefin having at least one methylidyne group 
means a hydrocarbon having only one terminal 
ethylenically-unsaturated group and no other functional 
groups and having pendant to the ethylenically- 
15 unsaturated group, a group having a carbon 

attached to three other carbon atoms and to a hydrogen 

atom; i* 
-film" means a layer or a support and a seif- 

,« SUPP °^oact^e crosslink agent" rnear.* a ******* 
which, under the influence of radiation, 
polymer chains and becomes incorporated therein; this 
Leases the molecular weight of the adhesive and thus 
its cohesive strength without unduly affecting its 
25 compliance or other PSA properties; 

"actinic radiation" means electromagnetic 
radiation, preferably in the ultraviolet range; and 
"lower alkyl" means C» to C 5 alkyl group. 

so amass jasgam^L^^Ba LJBB ^ M^ ffl ra 

X82 ^radiation-curable «-olef in copolymers of the 
invention preferably have general formula I: 

35 ^-CHH^-CHMCH2-CHh 1 

ck>. * * l 

CH, 
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wherein 

r is hydrogen or a lower alky 1 group; 

Ri is a monovalent organic group that is free of 

ethylenic-unsaturation and contains at least 

one 

methylidyne group, -CH, having 4 to 30, and 

preferably 4 to 18 carbon atoms, optionally 
containing an oxygen or silicon atom that is 
catenated between carbon atoms, and 
preferably having the structural formulae: 

Q 

A- 

in which b is an integer having a value of 1 
to 5; Q is a connecting linkage selected from 
a single bond, -0- and divalent groups 
selected from the group consisting of an 
arylene group having 6 to 

R 4 

15 carbon atoms and -Si-, in which each R* is 

R 4 
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independently a lower alkyl group of 1 to 4 
carbon atoms or R 3 ; and R> is a methylidyne 

group-containing group having the structural 
formula: 

35 tf-CH 
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in which each R 5 is independently an alkyl 
group having 1 to 4 carbon atoms or both R»s 
together provide an alkylene group forming 
with the methylidyne group to which it is 
attached a 5- or s-membered ring of carbon 
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atoms, with the provision that when Q is 
arylene, R? can also be methyl or ethyl, and b 
can also be zero? 
a is an integer having a value of 3 to 7, 
inclusive; 

x, y f and z are numbers designating the relative 
molar amounts of monomer units comprising the 
backbone chain of the copolymer, the sum of (x + y 
+ z) being about 35 to 400,000; z being 1 to 15%, 
preferably 2 to 10%, and most preferably 2 to 6% 
of the sum (x + y + *) i Y being 0 to 30% of the 
sum (x + y + z). and x being 64 to 99%, preferably 
90 to 98%, and most preferably 94 to 98% of the 

sum (x + y + a) • * w» 

The copolymer, of the invention ere ■ 
copoly«rl*in, on. or -or. .traight chain olefin. «- 
one or nor. methyUdyn. group-containing -»^*~- 

Straight chain a-olefins that een be u»d neve si* 
to ten carbon ate, n.«ely, i-herene, 1-heptene. 1- 

Ktm, 1-nonene, and 1-decene. ,.,« h lv 1 to 

optionally, up to 30 sol. p«ee»t. prrterab W 
1. Ju p«~»t. of tot.! .-olofln. of 'traight chain 
Lol.finTn.vln, two to five caroon 
namely* ethene, l-prop«». 1-bufne. end 

^ ltabXe methylidyne group-containing .-olefins 
t^t can be u»>d hav. 6 to 20 or more <»rbon 
including. «-methyl-l-P*»ten.,S-, and J-fJJ^ 
ha re»e ; ethenylcy=lopentane. S -,o-. ^ 4 -"**£* 
n^tene. ..s-dim.thyl-1-hexen.. ^^^"T^. 

^it^.h.ptan. - T7 --r. • thl " 
.-olefin h» 2-m.thylidyn. croup.) . 2-ethenyl « 

.MrthylbicyolotS.i.Dbtrtan' * 
35 methylidyne groups) , 3-ethenyl- («- 

Lthylbioyolot2.S.lln.pten. this .-olefU ba. 3 

ssethyUdyne groups) . s-(3« 
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ptop « y «l,icyo l oe2. 2 .l,h«,t«. <prop«ylnorboran., thi. 
^ol.finho. 2 nathylidyn. groups) . 3-<3-prop»yl - 
° ^«l«ttylbic y clot3.l.l^^t». <3-prop«.yipire».. 
thi. o-ol«f in has 3 rethylldyn. sroup.) , 1- 
s .th~ylp««t»cyelot4.3.o.o^o».o"JoetM>. 

^iyxcu^n.. thi. .-oi.fin h» , rethylidyn. 
'sups) . i^nyltricyclo t 3.3.1.i")d«can. 
T.thenyi.da»ntan., thi. «-ol.f in n» 3 "thylWyn. 

10 •th- W ltrioyolo t 3.3.i.l 1^ ^ „thylldyn. 
«tl»nyl»da»ai>tMi«, thi. o-olaIM nas * 



silicon *-"^-*^ 1 r^suZri»»-«-. 4 - (2 - 

»thyl^h,l)»tnv^-^ n » 1 "itr' 
^X^«^-^^^ u- ta th. prerenc. 

,fi ziegi^"^ !W) -*» ^ /psof «*i, 30 to »o*c. 
tMpwratore.. ' 0 *? . m Mile or in irer* 

„1^ sui^ «^ lphatlC( ^ ^ 
30 bat «r« not liniwo x. . , vmtMt i..., ham*. 

eyelo.iiph.tic hydrocarbon "^'""^ „„ 

b^. *— t0lU T' f ^!y.t^U i. prererebiy 
e^lob.—. ~* £££ ^ ot nono-r. 
in tb. r**. of 0 ,1 to ^ ot - ^ r . 

35 more prererebiy «- 2 . „ „,. fi _. «„a poly... nononare 
«. eopolyreruotion « of poiyrer 

U oftan .low and result, in poor y 
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whereas the copolymerization of e-olef ins and 
methlidene-containing olefins goes rapidly and in 

excellent yield. 

Use of 2N catalysts to make homopolymers from e- 
5 olefin monomers, and copolymers from mixtures of e- 
olef in and non-conjugated polyene monomers is old in 
the art and is not the subject of this invention. ZH 
polymerisations are summarized in Odian, G. , 
"Principles of Polymerization", Ch. 8.4 (Second 
0 Edition, J. Wiley & Sons, New York, 1981). For a more 
detailed discussion of the polymerization of e-olef ins, 
see Boor, J. , "Ziegler-Natta Catalysts and 
Polymerizations", Ch. 19 (Academic Press, NY, 1979) . 
NMR analysis of the copolymers shows the absence 
5 of ethylenic-unsaturation. Useful copolymers can also 
be made by hydrogenation, by processes known in the 
art, of unsaturated poly (e-olef ins) .- 

copolymers can be made from one or more straight 
chain .-olefins and from 0.1 to 9.9 mole percent of one 
20 or more methylidyne group-containing e-olef ins. By 
varying the composition and ratios of these monomers, 
lo^lymers can be prepared that yield PSA f il*. with 
peel, gel content, and shear adhesive P™*^ 8 
required for various specialized end-use applications. 
25 pressure-sensitive adhesive films can also be 

prepared by adding a photocrosslinking agent to the 
copolymer to form an adhesive composition, and coating 
the composition onto a substrate, suitable 
photocrosslinking agents include, but are not limited 
30 to: aldehydes, such as benzaldehyde, acetaldehyde, and 
their substituted derivatives; ketones such as 
acetophenone, benzophenone and their substituted 
derivatives, particularly the 4-alkylbenzophenones 
wherein the alkyl group has 1 to 18 carbon atoms su^ 
35 as methyl, ethyl, butyl, octyl, dodecyl and oct^cyl 
and commercially available derivatives such as Sandoray 
"oo« (Sandoz Chemicals, Inc., Charlotte, NC) t quinones 
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such as the benzoquinones, anthraquinone and their 
substituted derivatives; thioxanthones such as 2- 
isopropylthioxanthone and 2-dodecyithioxanthone; and 
certain chromophore-substituted halomethyl-sym- 
triazines such as 2 ,4-bie-(trichloroBethyl>-6-(3' ,4'- 
dimethoxyphenyl)-sym-triazine. Photoactive 
crosslinking agents that are preferred because (1) they 
are particularly effective in bringing about rapid 
gelation of the adhesive exposition on application of 
radiation, (2) of their low vapor pressure, and (3) of 
their thermal stability, are polyfunctional 
benzophenones (that is, compounds having an aliphatic, 
aromatic, nitrogenous, silicic, and hetero atomic 
nuclei to which two to four benzoylphenoxy groups 
attached) . Examples of such compounds include. 
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0 ° 

^o>i-/oVc-^-o^oVc-<o: 





in which * is hydrogen or an alKyl group having. 1 to 

o 0 

30 n U . 

* v 4« -o- -CO-, -NHC0-, or -CHa-; 
18 carbon atoms; and X is -o-, w , 
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o o I 0 

"y a ? 

(CH 2 ) w ~NHCO-(5)-C-<J5) #* 

and 

CH 3 
I 



R^-Si-tO-Si-CHzCHjCHj-O-^Oy-C-^Oy >• 
CH 3 

in which R 7 is an alkyl group having 1 to 18 carbon 
atoms and e is the integer 2,3, or 4. 

The concentration of photoactive croaslinlcing- 
20 agent that can he present is in the range of 0 £ to 
6 !o, preferably 0.1 to 2 percent by weight of the 
curable copolymer, and more preferably 0.5 to 1.5 

^^adhl^co^osition of the present invention 
25 can be coated from solution by any of the various 

citing processes well known in the art, such as Knife 
coating, roll coating, gravure coating, <^ in 
coating, etc. Useful coating thicfcnesse, 
present invention are in the range of 0.5 1*> « 
30 preferably in the range of 2.0 to 7.0 mg/ctf. 

^rLermore, some of the compositions of the invention 
cThTappUed by various 

with no solvent present, thereby eliminating 
environmental and toxicity problems associated with 
35 solution coating processes. , - 

The adhesive composition can be cured using a 
source of actinic radiation of sufficient energy (i.e. 
"ngth range) to generate free radicals wher 
^cidenfupon the particular 
40 agent selected for use in the composition. The 
preferable wavelength range for the photoactive 
crosslinhing agents disclosed above is 400 to 250 nm. 
The radiant energy in this preferred range of 
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wavelengths required to crosslink the adhesive f ilm of 
the invention is 100 to 1500 millijoules/cm* and more 
preferably 200 to. 800 ailli joules/cm*. Details of the 
photocure process are disclosed in U.S. Patent Nos. 
5 4,181,752 and 4,329,384. Because the adhesive 
composition of the present invention contains a 
polymer, the pre-polymerization (i.e., the making of a 
syrup) step disclosed in the '752 and '384 patents is 
not required.and is omitted in photocuring the 
10 compositions of the present invention. . 

The adhesive composition, without any crosslinking 
agent present, can al*o be cured using electron beam 
C E-beai) radiation. The preferred dosage required to 
crosslink the adhesive film of the invention is from 1 
15 to 20 megrads (Mrads), preferably from 2« Mr ads. 
Details of suitable process for E-beam curing 
^ates that have been coated with adhesive 
composition of the invention can be found in U . 
Patent No. 4,533,566, which is hereby incorporated 

20 "^rSE adhesive films preferably -e a 

- intent ^ ^^cent, 
percent. more preferably fro. t ^ 

and mt preferably trom SO to 70 veignr P 
, 5 S» ,.1 eonfnt ha. b«n cor«ct*» for .oiubl. _ 
«cJfyin, reoin. other » hereinafter 

d " Cr ST=ros.UnK^ a,e»t, — P~«*' 

_ . . . llows open-bonded segments to 
- tertiary hydrogen and allows open 

incorporated into the polymer by forming a linking 
group in the polymer. _ reslns to the 
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heat stability, and improved peel adhesion. Shear 
adhesion of the tackif ied compositions can be enhanced 
by radiation cure with no loss of peel adhesion. High 
internal strength of the adhesive is necessary in box 
5 sealing tapes and masking applications in the 
automotive industry. 

Compatible tackif ying resins useful in the 
radiation curable adhesive compositions of the 
invention include resins derived by polymerization of 
10 unsaturated hydrocarbon monomers, having five to nine 
carbon atoms, polyternenes, synthetic polyterpenes, and 
the like. Hydrocarbon tackif ying resins can be 
prepared by polymerization of monomers consisting 
primarily of olefins and diolef ins and include, for 
15 example, residual by-product monomers of the isoprene 
manufacturing process. These hydrocarbon tackifying 
resins typically exhibit Ball and Ring Softening Points 
of from about 80-C to about 145-C,* Acid Numbers of from 
about 0 to 2, and Saponification values of less than 
20 one. Examples of such commercially available resins 
Hased or. a c s olefin fraction of this type are Wingtack 
95 and Wingtack- 115 (Wingtack Plus) tackifying resins 
available from Goodyear Tire and Rubber Co. Other 
hydrocarbon resins include Regalrez- 1078 and Regalrez- 
25 1126 tackifying resins available from Hercules Chemical 
Co. inc., Wilmington, DE; Arkon resins, such as Arkon 
P115 tackifying resin, available from Arakawa Forest 
Chemical industries, Chicago, IL; and Escorez" resins 
available from Exxon Chemical Company. 
30 Other suitable tackifying resins include the 

terpene polymers, such as polymeric resinous materials 
obtained by polymerization and/or copolymerization of 
terpene hydrocarbons such as the alicyclic, mono, and 
bicyclic monoterpenes and their mixtures,, including 
35 carene, isomerized pinene, terpinene, terpentene, and 
various other terpenes. Commercially available resins 
of the terpene type include the Zonarez" terpene B- 
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BeriM and 70.0 series tacKifying resins available fro. 
the Arizona Chenical Corp., Wye, HJ. WPlc«l 
properties reports for the soneres- terp«» resins 
CLde Bell end Ring SofWng Point, of sb«* » C to 

5 Ss-C (AST* B2S-67, . «i- »U»berS Of l— 

one (ASTM D464-59) . The terpene resin "sea in m> 
Wov is . poly<b.ta-pin.ne, resin Piccolyt-- MIS 
resin av.ll.bl. fro. Hercules C^csl 
V, has e B.11 end Ring softening Point of IIS C. 
Bother of one. end Iodine IMaber of 190. 

«here stability at elevated te^ereture. U 
neearf . saturated tacklfying resins ere u ^* 4 . 
tt. total amount of optionally present 
... in the oosposition is .ore than 0 to ISO pares 
IS resins in the oosp _ „„, .ost 

w weight. °°-;- f !^ 1 s y b 5 y UJper 100 parts of 
preferably 2S toM P^J^ toclc Uyin, resin, such a. 
polymer by weight. s * t ™"" „ 11S resln «re 

M * air "~ r 8 rtrvietr. jslv 

20 SSST-^i by - sotivated «-U~ 

a9ent * «« ^ion-cured saturated polyolef in pressure- 

oTth. invention 

t, . oop.ly.er having general * 
, optionally and preferably an effective 
oLont of a pnotoootiv. crosslinking 



30 "TH^iiv . tecXifying sg~t. vhioh 

agentj _ substrate? 

« CMtl T ^eTarel o^sltion to actinic or 
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the composition and provide said radiation- 
cured pressure-sensitive adhesive, 
with the proviso that when the crosslinking is effected 
by actinic radiation there is present an effective 
5 amount of photoactive crosslinking agent. 

Minor amounts of additives can also be included in 
the composition to provide adhesives for special end 
uses. Such additives may include pigments, dyes, 
plasticizers, fillers, stabilizers, ultraviolet 
2.0 absorbers, anti-oxidants, processing oils, and the 

like. Amount of additives used can vary from 0.1 to 50 
weight percent depending on the end use desired. 

The adhesive composition of the present invention 
can be coated onto a wide range of substrate materials, 
15 examples being polymeric supports such as polyethylene 
terephthalate (PET) (Dupont Chemical Co., Wilmington, 
DE) , and biaxially oriented polypropylene (BOPP) (Toray 
Chemical Co., Ltd., Tokyo, Japan, or Mobil Oil Co.; 
woven and non-woven fabrics, metals and metal foils 
20 such as aluminum, copper, lead, gold, and the like; 
paper; glass; ceramics; and composite materials 
comprised of laminates of one or more of these 
materials. Pressure sensitive adhesive tapes and 
transfer films are preferred articles of the invention. 
25 Another embodiment of the invention comprises a 

laminated structure of at least a first and a second 
substrate such as polyethylene and polypropylene, the 
substrates being joined by a layer of the adhesive 
somoosition of the invention, At least one of the 
30 substrates is capable of transmitting actinic or 

electron beam radiation so that the adhesive layer may 
be cured. 

in some applications primers may be useful for 
improving the adhesion of the adhesive to some 
35 substrates. Useful primers for the practice of the 
present invention include a triblock copolymer of 
styrene-ethylene/butylene-styrene grafted with maleic 
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anhydride (Kraton- G-1901X copolymer. Shell Chemical 
Co.) and a combination of amorphous polypropylene and 
Kraton- 61901X copolymer. Release liners (such as 
described in U.S. Patent Hos. 4,386,135, 3,957,724, and 
5 2,532,011) form a special class of substrates on which 
the composition of the invention can be coated and 
subsequently radiation cured to form adhesive transfer 
films. 

10 Tffft Methods: 

The test procedures used in the examples to 
evaluate and compare the properties of the PSA 
compositions and tapes made from them are 
standard tests. These tests are described in detail in 

15 various publications of the American society for^ 
Testing Materials (ASTM) , Philadelphia, PA and the 
Pressure Sensitive Tape Council (PSTC), Glenview, IL. 
References to these standards are also given. 



The shear strength is a measure of the 
cohesiveness or internal strength of an adhesive it 
ie based upon the amount of force required to pull an 
adhesive strip from a standard flat surface ^ ^ 
25 direction parallel to the surface to ^ 
affixed with a definite pressure. It is measurea xn 

steel test panel under siaress . 

30 10,d -T*. t~t. ««. con^ on ^-rrLT- 

, w U.a to . .*.!»!«. *?J££Z Tl conLct 
bv 12.7 ■» portion of wen strip wa» in xm» 
Z£L P»n.l with on. end portion of th. «p. boi* 
wirn p , " H ^.ted strip attached was held in 
35 free. The panel with coated swip 

a rack such that the coated surface of the panel forms 
a roc*. WW a.m^s free end vliicn. 

bt, angle of 182* with tb* vertical tape free 
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is then tensioned by application of a force of one 
kilogram applied as a hanging weight from the free end 
of the coated strip. The 2» greater than 180- is used 
to negate peel forces, thus ensuring that only the 
5 shear forces are measured in order to more accurately 
determine the holding power of the tape being tested. 
Time elaosed for each test specimen to separate from 
the steel panel is recorded as the shear strength. 

*° SEE EaiiMES fMQFl 

The time at which the mass falls is called -Shear 
Test" and is reported as "1000+" if the tape has not 
failed after 5000 minutes. With each Shear is 
indicated the mode of failure as follows: 

15 £ 1 poP-off, i-., 75-100% adhesive failure fro» steel 

* . lohesU split: both surfaces completely covered 

by adhesive. . 
^ e pop-off failure «*. i. preferred b.cu« It 
20 u in £L^. of aoheeive failure of the adWv./.~l 
interflci.l bond » oppooed to =oh«iv. t.llur. of the 
adhesive, of V«lo» f-'^^r;^ 1 

within th. range of the present invention (1-1.000 
»!»*»). are pr.,er»d depending on end-use 

" WU °^i TO n. of each tape w«e tested ^ th. 

*^ . _ . „ i« the shear value, 

shear tests were averaged to obtain tne sn 

30 E " Tne peel adhesion is the force retired to remove 
30 a *sZ>Z test specimen from > test panel measured 

^ ^S2TX- -et. The procedure 
35 followed is: ^ ^ _ ^ ^ £ 

horizontally positioned clean glass test 
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plate. A 2.2 kg rubber roller is used to 
press a 12.7 cm length of specimen into firm 
contact with the glass surface. 
The free end of the specimen is doubled back 
nearly touching itself so the angle of 
removal is 180° . The free end is attached to 
the adhesion tester scale. 
The glass test plate is clamped in the jaws 
of tensile testing machine which is capable 
of moving the plate away from the scale at a 
constant rate of 2.3 meters per minute. 
The scale reading in Newtbns is recorded as 
the tape is peeled from the glass surface. 

in order to understand the benefits derived from 
the teaching of this invention, i*> n^-ary to 
relate the improvements in shear s£e»^ and 

25 the examples. 



3) 

10 

4) 



30 



35 



level* 1*. *epe. ^^"^^ 

~.. M frf> ael is 100 times tne gexj.ro 

percent gel is iu capable of forming a 

L u^ieeli.**. poly-r. ere 

aetereining the gel ttenti«. 
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crosslinking by actinic radiation or E-beam 
improves the creep and shear resistance of pressurer 

sensitive adhesives. 

Many Important properties of crosslinked pressure- 
=5 sensitive adhesives vary with the gel content. Hence, 
determination of the gel content provides a means for 
controlling the process and thereby raising the quality 
of the tape. 

Extraction tests permit verification of the proper 
10 gel content of polyolef in PSAs and they also P*™" 
comparison, between different crosslinked adhesives and 
their specific end uses. 

•js A square test specimen (3.81 cm x 3.bi cmj 

teoe and plan* In « 120-sash stainless «t«l been* 

weighted to the nearest o.l sg end then 
2 „ cepped h-»r contein^ici^t ™ 

the epeclnen. after extraction for 24 to « . 

(containing the sp~i«»> * "^f^ 1 "*' 

Md olsced in en oven et «9'C. The besket and 

^cCT«. «- « . extent weight end the gel 
25 content is determined as follows: 

Gel content - 100 - Extract % 
30 ~ the tackified pressure-sensitive adhesive tapes, 
celculeting the corrected gel content as follow.. 

3E percent extract W ^T&jj& HB&iSBg*" " 

weight of resin 
corrKt ed ,.1 conWnt - 100 - per«nt extrect 
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Two specimens of each tape were tested and the results 
were averaged to obtain the gel content value. 

p flnel Test 

5 This test is used to evaluate the effectiveness of 

the adhesive for use as a masking tape at elevated 
temperatures. Used in this test is an aluminum panel, 
the test surface of which has a paint to which masking 
tapes have been adhered, e.g., an automotive 

10 basecoat/clearcoat (BC/cc) acrylic enamel paint system 
or the automotive 50J« acrylic enamel paint of Ford 

Motor Co. kasf 
Tap« wr. adhered at won te«»r.t«re to 

earfaca. follows by t~ pe.~e °< » a-**-- 
15 rutber-coet^ eetel roller. Mter one hour In on air 
plating oven et either 121-0 or »••=. the tep. «.. 
neeled back while hot at en angle of 4S'C et an 

ret. of l.s -/-in aoroes haU of the pa£. 
Xr cooling to roo, temperature , the tape •» peel- 
2 o from the other half of the fatt. «• ^ «" 
coined viaaally f« any adhealve wsidua. 

The following reaottnf were charged in the or 
^ntipnad to a dry. ergon fill-. 

rondenBer: 474 grams 1-hexene, is/i g^«»" 
30 nTgTam. .-me^pentene 1-*^^ 
through alumina/silica to remove impurities and tn 
dried over molecular sieves) , and 2.7 ml of 

coDolYmerization was initiated by tne awu. 

copolymer ^ . ._ ted reduC ed titanium chloride, 

L, controlled by P-ain, hydrogen at .. cc/ai» 
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i 

throughout the reaction period. The reaction was 
maintained at 25*C during the course of the reaction, 
after 3 hours of the reaction, the copolymeriaation was 
quenched and the polymer precipitated in a large excess 
of methanol to extract the catalyst residues. The 
methanol solution was then decanted off of the polymer 
precipitate. The copolymer was stabilized with 0.25 
weight % irganox 1010 antioxidant (available from Ciba 
Geigy) and dried in a vacuum oven at 70-80«C. 

There was obtained 320 g (65% conversion) of 
copolymer having by HMR analysis 1.5 mol percent of 4- 
methylpentene units and 98.5 mol percent of 1-hexene 
units. It had an inherent viscosity (IV) of 2.0 dl/g 
at 0.5 g/dl concentration in hexane at 2S*C and a glass 
transition temperature (Tg) of -44-C. Ho crystallinity 
was detected by differential scanning colorimetry (DSC) 
analysis. 



Prriffi 1 - ,, * ion of smugger, a . 

l0 - The procedure for the preparation of copolymer 1 
was repeated with the exception that a different 
monomer ratio was used (419 grams of. 1-hexene an*74 
orams of 4-iaethylpentene) . The cepolymerization was 
L at 50-c for one hour. A taclcy amorphous 

25 was obtained in 50% conversion having an IV of 1.5 dl/g 
and a Tg of -38«C. The copolymer contained 6.2 mole 
percent of 4-methylpentene. 

30 The procedure for the preparation of copolymer 1 

was repeated with the exception that 150 g 1-octene and 
7.sT* 4-methylpentene «. * 
copolymer was obtained in 60% conversion having an IV 
of :Tdl/g, a Tg of -59-C, and 1.7 mole percent of 4- 

35 methylpentene. 
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prepffT-^lgn of Copolymer,, 4 

The procedure for the preparation of copolymer l 
was repeated with the exception that 1-decene and 4- 
methyl-l-pentene were used (150 g of 1-decene and 10 g 
of 4-methylpentene) . A tacky amorphous copolymer was 
obtained in 65% conversion having an IV of 1.9 dl/g. 
The copolymer contained 3.0 mole percent of 4- 
methylpentene. 



10 fiXMBP?** 8 1 - 18 
3, 



solutions in toluene of each of copolymers 1, 2, 
3, and 4 (radiated and unrediated) , 0.15 or 1. 0 weight 
percent of photocrosslinKing agent bensophenone (B) . 
Lndorey 1000- croeslinl»r (a sub»titut«» benzophenone. 
15 2,«-biB(trichloro^,l>-«-(3.^1»t^'««' 1 »- 
s-lriasine <T,, or 2 -isopropylthiox.uth™ I) 
prepared as sbown in TABLE I and coated, using a hand 
epraad ccatar. onto » ***** (*»> P-™^" 
^epbthalat. fll« (PET) dried »t S0-C to re^v. 
» tolueneto provide * adhesive ooetin, 

richness of about 37.5 She coatings containing 
the photocrosslinaing agent were then exposed t.W 
redistion under nitrogen f or the dose — ^» 

cher.ct«ietic. of each of the adhesive coating. ~s 
I5 detersined and is preset* in TABLE I. below^ 

TABLE I shows that unrediated co-positions of the 
invention were not gelled and the adhesive in tape. 
"Tr™ . _ rt „ tailed by splitting. Compositions 
prepared using them falieo By .p •» mhaat 

Let were irr.di.ttd. ho«v«. ««« 9*"* 
30 36 to 80% depending on the p«ticular copolywr. the 
Ulinicing agent and the «** of £**£~^ 
irr.di.ted tapes propped fro. the- popp* off »d did 

not split. 
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Solutions of each Copolymer 1. 2, 3, and 4 with 
0.15 or 1.0 weight percent of the photocrosslinking 
agents B, S, X. and T and 25 weight percent of 
Begalreze 1126 tadcifier were prepared in toluene, 
coated, dried, and exposed to UV, under nitrogen for 
the dose shown as described for copolymers 1-4. The 
Lracteristics of each adhesive obtained is given in 

TABLE He . 

TABLE II shows ttot irrsdistsa sdhssiv. 
co^ssitionsotthsinv^onconl*^.^.!^ 1078 

. *.w_ p- ne i Test described 

— in6d aCC °f^ e ^ 8 are detailed in TABLE XXX. 
previously and the results ar parc d using 

irradiated with greater than 450 mu/^r 
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» is se» « 2 «c^t that it «. exposed "> ««• 
" " 3/<rf 7 . is sa« as 7 exc*t «»t it we. expose to «0. 

fflJ/<rf 1M iB B »e .as la except t-t it «s expend to 

,„ 1200 "it. s»e as » t « it - expose, to 
1200 mJ/cm 2 



Tone-liter reaction vessel equipped «ith 
, s .«Jac.t stl«er - dried overni** * U,C - 
Lroeo 1t». «0 - distill toluene^ M. * 1^ 
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stirred solution for one hour, 0.15 g of TiCl, was 
added. The reaction mixture was allowed to react under 
these conditions until a slight but signif icant 
increase in viscosity was visually observed (about 45 

5 minutes). ^ . . „ 

Then ethylene gas was introduced to the reaction 
vessel atmosphere. After 2 hours ethylene was bubbled 
through the reaction mixture for 3 additional hours 
before quenching with methanol. The product was a 

10 pressure-sensitive adhesive containing 5 mole % of 

^The'copolymer solution was blended with 15 weight 
percent ArXon PH5 and 1% by weight benzophenone 
^initiator and coated on 0.04 mm thiclc (1.5 mil) 
15 ^(ethylene terephthlate) followed by ~ing. ~ 
Led adhesive had a peel strength of 3J^and sh~r 
strength of 1320 min as compared to uncured ^ L ™°* 
composition having a peel strength of 30 H/dm 
and shear strength of 32 minutes. 



20 



25 



various modifications and alterations of this 
invention will become apparent to filled n ^ 
^ without departing from the 
invention, and it should be understood that this 

Mention is not to be unduly limited to the 
illustrative embodiments set forth herexn. 
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We claim: 
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l.' A curable composition for providing a hot 
aelt adhesive, or a pressure-sensitive adhesive having 
5 peel adhesion of 35 H/dm or more and cohesive stability 
at elevated temperatures comprising: 
a) at least one copolymer of 

1) 90.1 to 99.9 mole percent of one or more 
straight chain e-olefins having 2 to 32 
carbon atoms of which at least 70% have 
6 to 10 carbon atoms, and 

2) 9.9 to 0.1 mole percent of one or more 
a-olefins having 6 to 20 or more carbon 
atoms including at least one methylidyne 
group (a one carbon-containing group 
having a hydrogen atom on a tertiary 
carbon atom) present in a branched or 
cyclic group of carbon atoms; and 

b) optionally, sufficient photoactive 
crosslinking agent to crosslink the 
pomposition upon exposure to actinic ■ 
radiation; 

c) optionally, more than zero and up to 150 
parts by weight of ^deifying resin per 100 

25 parts of polymer; and 

d ) optionally, an effective amount of at least 
one additive selected from the group 
consisting of at least one pigment, dye, 
plasticizer, filler, stabilizer, ultraviolet 
absorber, anti-oxidant, and processing oil. 

The curable composition of claim 1 wherein 
the copolymer has the general formula: 



20 



30 



2. 



35 ^-W.Wi-CIH-yiC^-CHV, 
CH 3 
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wherein 

R is hydrogen or a lower alkyi group; 
& is a monovalent organic group that is free of 
5 ethylenic-unsaturation and contains at least 

one methylidyne group, -CH, having 4 to 30 

carbon atoms, optionally containing an oxygen 
or silicon atom that is catenated between 

carbon atoms, 
a is an integer having a value of 3 to 7, 

inclusive; .' 4 

v v ^ S »re numbers desiring the relative 

*'j£r counts o £ aono^r unit. =o*.ri.ln, th. 
backbone chain of the copolyner the «. of 
(Jt + ,+ ,) bains «bout 15 to 400,000; 2 
bain, X to 15% of th. — (X ♦ Y + •>• *. 

0 to 10% of tha— (» + y+»); — " 
hlin, 70 to 99* of tha«» <«♦»♦«>• 

,. . ». copoly-r accordin, to clain 2 ' 
jias the structure 
25 (CbHa) 

i ' 



30 



35 



40 



in which b is an integer bavin, a v£» 

to 5; Q i s * • 1W ' X " ^ 

^ div*«t or*,, mooted fro. the 
"nsiatin, of an arylen. oronp bavin, « to 15 

carbon atoas, anfl- 

I. 
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in which each R* is independently a lower 
alkyl group of 1 to 4 carbon atoms or K?; and 
B? is a methylidyne group-containing group 
having the structural formula: 

10 in which each *» is independently an alkyl 

group having 1 to 4 carbon atoms or both It's 
together provide an alkylene group forming 
with the methylidyne group to which it is 
attached a 5- or 6-membered ring of carbon 

15 atoms, with the proviso that when Q is 

arylene, F? can also be methyl or ethyl and b 
can be zero. 



20 



4. The composition according to claims 1 to 3 
wherein said copolymer has at least one of: 

a) aTg in the range of -70 to 0*C, 

b) an inherent viscosity in the range of 

0.4 fee 0-8 and 
e) a number average molecular weight in the 
25 range of 5,000 to 50,000,000. 

5. The E-beam or actinic radiation cured 
composition according to claims 1 to 4. 

30 6. An article comprising a layer of the cured 

composition of claim 5 on at least one surface of at 
least one substrate. 

7. The article according to claim 6 wherein said 
35 substrate is selected from the group consisting of a 
polymeric layer, a fabric, a metal, paper, glass, 
ceramic, and a laminate of these materials. 
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3. The article according to claims 6 or 7 which 
is a tape, a laminated structure, or an adhesive 
transfer film. 

5 9. The tape according to claim 8 wherein said 

cured composition comprises the reaction product of 
ethylene, 1-hexene, and 4-methylpentene-l. 



10. 

10 



LU . a method of preparing a radiation-cured 
saturated polyolef in pressure-sensitive adhesive 

comprising the. steps of : . 

ai providing a curable composition comprising a 
copolymer according to claims 1 to 5, and an effective 
amount of a photoactive crosslinking 
is b) coating the composition onto a substrate, 

c, exposing the coated composition to actinic : or 
' Heam radiation to effect crosslinking of 
the composition and provide said radiation- 
cured pressure-sensitive adhesive, . 

2C with the proviso that when the ^^^^ 

* actinic radiation the** is present an effective 
amount of photoactive crosslinking agent. 
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